Trinh Xuan Thuan: Buddhism rejects the idea of a principle of creation, as well as the radical notion of parallel universes-though it may accommodate the idea of multiple universes. To Buddhism, the extraordinary fine-tuning of the physical constants and the initial conditions that allowed the universe to create life and consciousness are explained by "the interdependence of phenomena." I think it's time to explain more about this idea.
Another way of defining the idea of interdependence is summarized by the term tantra, which stands for a notion of continuity and "the fact that everything is part of the whole, so that nothing can happen separately." Ironically, though we might think that the idea of interdependence undermines the notion of reality, in the Buddhist way of thinking, it is interdependence that actually allows for reality to appear. Let's think about an entity that exists independently from all others. As an immutable and autonomous entity, it couldn't act on anything, or be acted on itself. For phenomena to happen, interdependence is required.
This argument refutes the idea of distinct particles that are supposed to constitute matter. What's more, this interdependence naturally includes consciousness. The reality of any given object depends on a subject that is aware of that object. This was what the physicist Erwin Schrodinger meant when he wrote: "Without being aware of it, and without being rigorously systematic about it, we exclude the subject of cognizance from the domain of nature that we endeavor to understand. We step with our own person back into the part of an onlooker who does not belong to the world, which by this very procedure becomes an objective world." Finally, the most subtle aspect of interdependence, or "dependent origination," concerns what we call a phenomenon's "designation base" and its "designation." A phenomenon's position, form, dimension, color, or any other of its apparent characteristics is merely one of its "designation bases." This designation is a mental construct that invests a phenomenon with a distinct reality. In our everyday experience, when we see an object, we aren't struck by its nominal existence, but rather by its true existence. If we analyze this "object" more closely, however, we discover that it is produced by a large number of causes and conditions, and that we are incapable of pinpointing an autonomous identity. Since we have experienced it, we can't say that the phenomenon doesn't exist. But neither can we say that it corresponds to an intrinsic reality. So we conclude that the object exists (thus avoiding a nihilistic view), but that this existence is purely nominal, or conventional (thus also avoiding the opposite extreme of material realism, which is called "eternalism" in Buddhism). A phenomenon with no autonomous existence, but that is nevertheless not totally inexistent, can act and function according to causality and thus lead to positive or negative effects. This view of reality therefore allows us to anticipate the results of our actions and organize our relationship with the world. A Tibetan poem puts it this way:
To say a thing is empty does not mean It cannot function-it means it lacks an absolute reality. To say a thing arises "in dependence" does not mean It has intrinsic being-it means it is illusion-like. If thus one's understanding is correct and certain Of what is meant by voidness and dependent origin, No need is there to add that voidness, and appearance Occur together without contradiction in a single thing.
Thuan: I find everything you've told me about interdependence striking. Science, too, has discovered that reality is nonseparable, or interdependent, both at the subatomic level and in the macrocosmic world. The conclusion that subatomic phenomena are interdependent was derived from a famous thought experiment conducted by Einstein and two of his Princeton colleagues, Boris Podolsky and Nathan Rosen, in 1935. It's called the EPR experiment, from the initials of their surnames.
To follow this experiment, you need to know that light (and matter, too) has a dual nature. The particles we call "photons" and "electrons," as well as all the other particles of matter, are Janusfaced. Sometimes they appear as particles, but they can also appear as waves. This is one of the strangest and most counterintuitive findings of quantum theory. Even stranger is the finding that what makes the difference about whether a particle is in the wave or particle state is the role of an observer-if we try to observe the particle in its wave state, it becomes a particle. But if it is unobserved, it remains in the wave state.
Take the case of a photon. If it appears as a wave, then quantum physics says that it spreads out in all directions through space, like the ripples made by a pebble thrown into a pond. The photon in this state has no fixed location or trajectory. We can then say that the photon is present everywhere at the same time. Quantum mechanics states that when a photon is in this wave state, we can never predict where the photon will be at any given moment; all we can do is evaluate the probability of its being in a particular position. The chances might be 75 percent or 90 percent, but never 100 percent. Since Einstein was a committed determinist, he couldn't accept that the quantum world was ruled in this way by probability or chance. He argued famously that "God does not play dice," and stubbornly set about trying to find the weak link in quantum mechanics and its probabilistic interpretation of reality. That's why he came up with the EPR experiment.
The experiment goes like this: First imagine that you have constructed a measuring apparatus with which you can observe the behavior of particles of light, called photons. Now imagine a particle that disintegrates spontaneously into two photons, a and b. The law of symmetry dictates that they will always travel in opposite directions. If a goes northward, then we will detect b to the south. So far, so good. But we're forgetting the strangeness of quantum mechanics. Before being captured by the detector, if quantum mechanics is correct, a appeared as a wave, not a particle. This wave wasn't localized, and there was a certain probability that a might be found in any given direction. It's only when it has been captured that a changes into a particle and "learns" that it's heading northward. But if a didn't "know" before being captured which direction it had taken, how could b have "guessed" what a was doing and ordered its behavior accordingly so that it could be captured at the same moment in the opposite direction? This is impossible, unless we admit that a can inform b instantaneously of the direction it has taken. But Einstein's cherished theory of relativity states that nothing can travel faster than light. The information about a's location would need to travel faster than the speed of light in order to get to b in time, because, after all, a and b are both particles of light and are therefore traveling themselves at the speed of light. "God does not send telepathic signals," Einstein said, adding, "There can be no spooky action at a distance."
On the basis of these thought-experiment results, Einstein concluded that quantum mechanics didn't provide a complete description of reality. In his opinion, the idea that a could instantaneously inform b of its position was absurd: a must know which direction it was going to take, and tell b before they split up; a must then have an objective reality, independent of actual observation. Thus the probabilistic interpretation of quantum mechanics, which states that a could be going in any direction, must be wrong. Quantum uncertainty must hide a deeper, intrinsic determinism. Einstein thought that a particle's speed and position, which defined its trajectory, were localized on the particle without any observation being necessary. This is what was called "local realism." Quantum mechanics couldn't describe a particle's trajectory because it didn't take other "hidden variables" into account. And so it must be incomplete.
And yet Einstein was wrong. Eventually, physicists showed that exactly what Einstein thought couldn't happen in the EPR experiment did happen. Since its invention, quantum mechanics and its probabilistic interpretation of reality-has never slipped up. It has always been confirmed by experiments and it still remains today the best theory that we have to describe the atomic and subatomic world.
Ricard: When was the EPR effect confirmed experimentally?
Thuan: EPR remained only a thought experiment for some time. No one knew how to carry it out physically. Then, in 1964, John Bell, an Irish physicist working at CERN, devised a mathematical theorem called "Bell's inequality," which would be capable of being verified experimentally if particles really did have hidden variables, as Einstein thought. This theorem at last allowed us to take the debate from the metaphysical plane to concrete experimentation. In 1982 the French physicist Alain Aspect, and his team at the University of Orsay, carried out a series of experiments on pairs of photons in order to test the EPR paradox. They found that Bell's inequality was violated without exception. Einstein had it wrong, and quantum mechanics was right. In Aspect's experiment, photons a and b were thirteen yards apart, yet b always "knew" instantaneously what a was doing, and reacted accordingly.
Ricard: How do we know that this happens instantaneously, and that a light beam hasn't relayed the information from a to b?
Thuan: Atomic clocks, connected to the detectors that capture a and b, allow us to gauge the moment of each photon's arrival extremely accurately. The difference between the two arrival times is less than a few tenths of a billionth of a second-it is probably zero, in fact, but existing atomic clocks don't allow us to measure periods of under 10 -10 seconds. Now, in 10 -10 seconds, light can travel only just over an inch-far less than the thirteen yards separating a from b. What is more, the result is the same if the distance between the two photons is increased. Even though light can definitely not have had the time to cross this distance and relay the necessary information, the behavior of a is always exactly correlated with that of b.
The latest experiment was carried out in 1998 in Geneva by Nicolas Gisin and his colleagues. They began by producing a pair of photons, one of which was then sent through a fiber-optic cable toward the north of the city, and the other toward the south. The two pieces of measuring equipment were over six miles apart. Once they arrived at the end of the cables, the two photons had to choose at random between two possible routes-one short, the other long. It was observed that they always made the same decision. On average, they chose the long route half the time, and the short route half the time, but the choices were always identical. The Swiss physicists were sure that the two photons couldn't communicate by means of light, because the difference between their response times was under three-tenths of a billionth of a second, and in that time light could have crossed just three and half inches of the six miles separating the two photons. Classic physics states that because they can't communicate, the choices of the two photons must be totally independent. But that is not what happens. They are always perfectly correlated. How can we explain why b immediately "knows" what a is doing? But this is paradoxical only if, like Einstein, we think that reality is cut up and localized in each photon. The problem goes away if we admit that a and b are part of a nonseparable reality, no matter how far apart they are. In that case, a doesn't need to send a signal to b because these two light particles (or, rather, phenomena that the detector sees as light particles) stay constantly in touch through some mysterious interaction. Wherever it happens to be, particle b continues to share the reality of particle a.
Ricard:
Even if the two particles were at opposite ends of the universe? Thuan: Yes. Quantum mechanics thus eliminates all idea of locality. It provides a holistic idea of space. The notions of "here" and "there" become meaningless, because "here" is identical to "there." This is the definition of what physicists call "nonseparability."
Ricard: This should have enormous repercussions on how physicists understand reality and our own ordinary perception of the world.
Thuan: Indeed. Some physicists have had problems accepting the idea of a nonseparable reality and have tried to find a weak link in these experiments or in Bell's theorem. So far, they've all failed. Quantum mechanics has never been found to be wrong. So phenomena do seem "interdependent" at a subatomic level, to use the Buddhist term.
Another fascinating and famous experiment in physics shows that interdependence isn't limited to the world of particles, but applies also to the entire universe, or in other words that interdependence is true of the macrocosm as well as the microcosm. This is the experiment often referred to in short as Foucault's pendulum.
A French physicist, Leon Foucault, wanted to prove that the Earth rotates on its axis. In 1851 he carried out a famous experiment that is reproduced today in displays in many of the world's science museums. He hung a pendulum from the roof of the Pantheon in Paris. Once in motion, this pendulum behaved in a strange way. As time passed, it always gradually changed the direction in which it was swinging. If it was set swinging in a north-south direction, after a few hours it was swinging east-west. From calculations, we know that if the pendulum were placed at either one of the poles, then it would turn completely around in twenty-four hours. But because of the latitude of Paris, Foucault's pendulum performed only part of a complete rotation each day.
Why did the direction change? Foucault answered by saying that the movement was illusory. In fact, the pendulum always swung in the same direction, and it was the Earth that turned. Once he'd proved that the Earth rotated, he let the matter drop. But Foucault's answer was incomplete, because a movement can be described only in comparison with a fixed reference point; absolute movement doesn't exist. Long before, Galileo said that "movement is as nothing." He understood that it exists only relative to something else. The earth must "turn" in relation to something that doesn't turn. But where to find this "something"? In order to test the immobility of a given reference point, a star for instance, we simply set the pendulum swinging in the star's direction. If the star is motionless, then the pendulum will always swing toward it. If the star moves, then the star will slowly shift away from the pendulum's swing.
Let's try the experiment with known celestial bodies, both near and far. If we point the pendulum toward the Sun, after a few weeks there is a clear shift of the Sun away from the pendulum's swing. After a couple of years, the same happens with the nearest stars, situated a few light-years away. The Andromeda galaxy, which is 2 million light-years away, moves away more slowly, but does shift. The time spent in line with the pendulum's swing grows longer and the shift away tends toward zero the greater the distance is. Only the most distant galaxies, situated at the edge of the known universe, billions of light-years away, do not drift away from the initial plane of the pendulum's swing.
The conclusion we must draw is extraordinary: Foucault's pendulum doesn't base its behavior on its local environment, but rather on the most distant galaxies, or, more accurately, on the entire universe, given that practically all visible matter is to be found in distant galaxies and not in nearby stars. Thus, what happens here on our Earth is decided by all the vast cosmos. What occurs on our tiny planet depends on all of the universe's structures.
Why does Foucault's pendulum behave like this? We don't know. Ernst Mach, the Austrian philosopher and physicist who gave his name to the unit of supersonic speed, thought it could be explained by a sort of omnipresence of matter and of its influence. In his opinion, an object's mass-that is to say, the amount of its inertia, or resistance to movement-comes from the influence of the entire universe. This is what is called Mach's principle. When we have trouble pushing a car, its resistance to being moved has been created by the whole universe. Mach never explained this mysterious universal influence in detail, which is different from gravity, and no one has managed to do so since. Just as the EPR experiment forces us to accept that interactions exist in the microcosm that are different from those described by known physics, Foucault's pendulum does the same for the macrocosm. Such interactions are not based on force or an exchange of energy, and they connect the entire universe. Each part contains the whole, and each part depends on all the other parts.
Ricard: In Buddhist terms, that's a good definition of interdependence. It's not a question of proximity in time or space, or of the speed of communication and physical forces whose influence wanes over great distances. Phenomena are interdependent because they coexist in a global reality, which functions according to mutual causality. Phenomena are naturally simultaneous because one implies the presence of the other. We are back with "this can only be if that also exists; this can change only if that also changes." Thus we arrive at an idea that everything must be connected to everything else. Relationships determine our reality, the conditions of our existence, particles and galaxies.
Thuan: Such a vision of interdependence certainly agrees with the results of the experiments I've just mentioned. The EPR experiment, Foucault's pendulum, and Mach's inertia can't be explained by the four fundamental physical forces. This is extremely disturbing for physicists.
Ricard: I think that we have a good example here of the difference between the scientific approach and Buddhism. For most scientists, even if the global nature of phenomena has been demonstrated in rather a disturbing way, this is merely another piece of information, and no matter how intellectually stimulating it may be, it has little effect on their daily lives. For Buddhists, on the other hand, the repercussions of the interdependence of phenomena are far greater.
The notion of interdependence makes us question our basic perception of the world and then use this new perception again and again to lessen our attachments, our fears, and our aversions. An understanding of interdependence should demolish the wall of illusions that our minds have built up between "me" and "the other." It makes a nonsense of pride, jealousy, greed, and malice. If not only all inert things but also all living beings are connected, then we should feel deeply concerned about the happiness and suffering of others. The attempt to build our happiness on others' misery is not just amoral, it's also unrealistic. Feelings of universal love (which Buddhism defines as the desire for all beings to experience happiness and to know its cause) and of compassion (the desire for all beings to be freed of suffering and its causes) are the direct consequences of interdependence. Thus knowledge of interdependence leads to a process of inner transformation, which continues throughout the journey of spiritual enlightenment. For, if we don't put our knowledge into practice, we are like a deaf musician, or a swimmer who dies of thirst for fear of drowning if he drinks.
Thuan: So the interdependence of phenomena equals universal responsibility. What a marvelous equation! It reminds me of what Einstein said: "A human being is part of a whole, called by us the 'Universe,' a part limited in time and space. He experiences himself, his thoughts and feelings, as something separated from the rest-a kind of optical delusion of his consciousness. This delusion is a kind of prison for us, restricting us to our personal desires and to affection for a few persons nearest us. Our task must be to free ourselves from this prison by widening our circles of compassion to embrace all living creatures and the whole of nature in its beauty."
In fact, the language of physics is currently incapable of expressing the global, holistic nature of reality. Some people even talk of another truth, a "veiled reality" in the words of the French physicist Bernard d'Espagnat.
Ricard: This is an interesting idea, as long as we don't see this "veiled reality" as the ultimate solid reality hidden behind appearances. Doing so would just reify the world of phenomena once more. An important point we must keep in mind about interdependence is that it is not just a simple interaction between phenomena. Instead, it is the precondition for their appearance.
Thuan: Heisenberg expressed a similar idea when he wrote, "The world thus appears as a complicated tissue of events, in which connections of different kinds alternate or overlap or combine, and thereby determine the texture of the whole."
Ricard: If, however, "veiled" means "illusory" or "inaccessible to concepts," then Buddhism would be in agreement with d'Espagnat.
Thuan: I don't think d'Espagnat would call his "veiled reality" illusory. To his mind, it's a reality that escapes our perceptions and measuring apparatus. While I agree with you that interdependence must be the fundamental law, science can't describe it yet.
But even if scientists are having trouble grasping the fullness of interdependence, they are having no trouble finding a wide range of evidence for different kinds of interconnections in our world. For example, there is the cosmic interconnection of the Big Bang. We are all products of that primordial explosion. The hydrogen and helium atoms that make up 98 percent of the universe's ordinary matter were made during the first three minutes of its existence. The hydrogen in seawater and in our bodies all comes from that primordial soup. So we all have the same genealogy. As for the heavy elements that are needed for complexity and life, and which make up the other 2 percent of the universe's matter, they were produced by the nuclear alchemy in the center of the stars and the explosion of supernovas.
We are all made of stardust. As brothers of the wild beasts and cousins of the flowers in the fields, we all carry the history of the cosmos. Just by breathing, we are linked to all the other beings that have lived on the planet. For example, still today we are breathing in millions of atomic nuclei from the fire that burned Joan of Arc in 1431, and some of the molecules from Julius Caesar's dying breath. When a living organism dies and decays, its atoms are released back into the environment, and eventually become integrated into other organisms. Our bodies contain about a billion atoms that once belonged to the tree under which the Buddha attained enlightenment.
Ricard: This also offers another way of looking at the EPR effect. Since all "particles"-whatever that might mean-were closely bound together in the singularity of the Big Bang (and perhaps during other Big Bangs), they must still be so now. Thus the natural condition for phenomena always has been and always will be global.
But in Buddhism, it isn't so much the molecular connections that matter-for they have little effect on our happiness or suffering-but rather the fact that all sentient beings, with whom we are all related through interdependence, wish to be happy and to escape suffering.
Thuan: Yet another kind of interconnection discovered by science is that we're all linked together genetically. We all descend from Homo habilis, who appeared in Africa about 1,800,000 years ago, regardless of our race or skin color. As a child of the stars, humanity perhaps experienced a feeling of cosmic affiliation most intensely when we saw for the first time those stirring pictures from the space missions of our blue planet floating, so beautiful and yet so fragile, in the immense darkness of space. This global view reminds us that we are all responsible for our Earth and must save it from the ecological disaster that we're inflicting on it. William Blake expressed the global nature of the cosmos beautifully in the following lines:
To see a World in a Grain of Sand And a Heaven in a Wild Flower, Hold infinity in the palm of your hand And Eternity in an hour.
The entire universe is indeed contained in a grain of sand, because the explanation of the simplest phenomena brings in the history of the entire universe.
Ricard: Those Blake lines remind me of one of the quatrains of a sutra by the Buddha:
As in one atom, So in all atoms, All worlds enter thereinSo inconceivable is it.
Buddhist writings also say that the Buddha knows at all times the nature and the multifariousness of the universe's phenomena, in both space and time, as clearly as if he were holding them in the palm of his hand, and that he can transform an instant into an eternity, or an eternity into an instant. I can't help wondering if William Blake had read these texts, or whether inspiration passed down over the ages! If you consider these thoughts carefully, then you will see that the Buddha's omniscience corresponds exactly to a global perception. There's no need to see the Buddha as a god. It's enough to know that enlightenment embraces everything and knows at each instant the number and the nature of things. It is this global view that permits omniscience. The Indian Buddhist philosopher and poet Asvaghosa wrote, "As a result of deep concentration, one realizes the oneness of the expanse of reality." On the other hand, fundamental ignorance results in fragmentation, and hence a limitation, of knowledge. We can perceive only certain aspects of reality, and fail to see its true nature.
